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ABSTRACT 

The foregut anatomy of 20 species, belonging to eight généra, of the sub- 
fâmily Cochlespirinae is described. A cladistic analysis based on several most 
important characters (morphology of probcwcis, position of buccal sphinc¬ 
ters, histology of venom gland, position o( the venom gland opcning, struc¬ 
ture of muscular bulb, and morphology' of radular tecth) revealed three more 
or less well-defmed groupe within the subfamily. The main fearure characte- 
rizing the subfamily as a wholt and separating groups within it, appeared to 

be the structure of venom gland and ifs muscular bulb. The stlbgenus 
Sibogasyrinx of the genus Lettcosyrinx was shown to deserve a genus status. 
Some généra appeared to be intermediate between Cochlespirinae and 
Crassispitinae in some anatomical characters, and their taxonomie position 
remains not completely clear. 
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RÉSUMÉ 
L'anatomie du système digestif des Cochlespirinae (Gastropoda, Conoidea, 

Turridae). 

1. anatomie du système digestif de 20 espèces, appartenant à huit genres de la 
sous-famille Cochlespirinae, est étudiée. Une analyse cladisrique, fondée sur 
les plus importants caractères de ce groupe (la morphologie de la trompe, la 
disposkion des sphincters, l'histologie de la glande à venin, la disposition de 

l’ouverture de la glande à venin, la structure de la poire musculaire et la mor¬ 
phologie des dents de la radula) a permis de distinguer trois groupes plus ou 
moins homogènes. Le caractère principal, qui permet de caractériser la sous- 
famille et de la diviser en différents groupes morphologiques, est la structure 
de la glande à venin et de sa poire musculaire. Le sous-genre Sibogasyrinx du 
genre Lettcosyrinx mérite le statut de genre. Quelques genres semblent occu¬ 
per une position intermédiaire entre les deux sous-familles Crassispirinae et 
Cochlespirinae, et leur position taxonomique n'est pas encore définitivement 

établie. 
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INTRODUCTION 

The superfamily Conoidea is well-defined mor- 

phologically due to che presence of venom gland 

and highly modifted radular teeth, At the same 

dme the relationships vvithin the superfamily are 

still far frnm being clear, and this is one ol the 

main problems of the current taxonomy of the 

group. 

Investigations of phylogenetic relations within 

Conoidea and the classification of the super¬ 

family were mainly based on characters of shell 

and radula (e.g., Powcll 1966; McLean 1971), 

and only recent studies hâve paid much attention 

to the anatomy of digestive System, which is the 

most variable and, therefore, the most informa¬ 

tive division. 

The first compréhensive analysis of conoidean 

anatomy together with radula and shell morpho- 

logy was published in 1993 (Taylor et al. 1993). 

This demonstrated the importance of anatomical 

characters for taxonomie and phylogenetic analy¬ 

sis of the group. Although this study was based 

on the anatomy of 72 species, this is still only a 

small portion of living species of the superfamily 

(apparently no less titan 5000 species). 

In anatomical studies of Conoidea, the very 

diverse fantily Turridae is of a spécial interest. 

The fantily consiste of tour currently recognized 

subfamilies, viz i’urrinac, Clavatulinae, Crassis- 

pirinae, and Cochlespirinae. and is characccrized 

by a radula with a membrane and marginal teeth 

usually of wishltone type (Taylor et al. 1993). 

The taxonomie positron of nvany représentatives 

of this fantily and rheir placement in the sub- 

families are still eonrroversial. 

Anatomical study of tlie subfamily Crassispirinae 

(Kantor et al. 1997) lias sltown many inreresting 

features and lias allowed a clearer définition of 

the boundaries of the subfamily. I bis Work lias 

made évident the necessity ofsimil.tr studies 

dévoted to other subfamilies, for lire complété 

analysis of relationships among Turridae and 

more reliable séparation of Subfamilies. 

Therefore, the aim of the présent study was to 

analyzc the anatomy of species of the subfantily 

Cochlespirinae and to teveal the rporphological 

diversity of its représentatives with the objective 

of establishing relationships of this subfamily 

with other taxa of Turridae. 

MATER1AL AND METHODS 

The subfamily Cochlespirinae is considered to 

include 22 Recent généra (Taylor et al. 1993). 

The présent study covers eight of them, as well as 

two généra {Kurilobadaha Sysoev & Kantor, 

1986 and t-'Ucisyrinx Sysoev & Kantor, 1986), 

which were prcviously assigned to Crassispirinae 

(Taylor et al. 1993). Elle two lauer généra can- 

not bc actually ine 1 udcd in Crassispirinae 

(Kantor et al. 1997), and therefore thev are pre- 

sently considered in Cochlespirinae, within 

which they were originally descrihed (Sysoev & 

Kantor 1986). 

The study of anatomy of Cochlespirinae was 

based on 20 species from tlie Pacific and the 

Atlantic, collected from depths of 100 to 7000 m 

(Table 1). 

Plie anatomy was studied from longitudinal 

serial sections of the foregut, eut at 10 (1m and 

stained in Mason’s triple stain. The radula was 

examined by SF.M. lu some cases, the results of 

liand dissections were also used. 

The character analysis was performed using 

PAUP version 3.1.1 (Swofford 1993). 

ABBREV1ATIONS USKll IN THE FIGURES 
bc buccal cavity 
bip buccal lips 
bm buccal mass 
lit buccal tube 
btsa amerior sphincter of buccal tube 
btss shifting sphincter of buccal tube 
cm colummellar muscle 
con circumoesophageal nerve ring 
ctl connective fissile layer of muscular bulb 
ebt sac-like en large me ru of buccal tube 
ech rhynchodcum epithelium change 
eoe oesophagus cnlargcmcnt 
ep epitnelial pad 
gre glandular part of rhynchodeum 
mb muscular bulb 
oe oesophagus 
ph prohoscis 
pw proboscis wall 
rhe rhynchocoel 
rhs rhynchostomal sphincter 
rhw rhynchodeum wall 
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Table 1. — List of cochlespirine species. which hâve been seclioned. with details of lheir collection location. 
The additional material included sections of Megasuraila carpenteriana (Gabb, 1865), Aforla Inoperculata Sysoev & Kantor, 1988, A circinata (Dali, 1873), A. lepta (Watson, 1881), 
A. moskaievi Sysoev & Kantor, 1987, A aulaca alaskana Sysoev & Kantor, 1987, A crebristriata (Dali, 1908). A, abyssalis Sysoev & Kantor, 1987, A. kupriyanovi Sysoev & Kantor, 
1987, kindly provided to the authorby John Taylor (the first species) and Yuri Kantor (ail other species). 

Species Campaign Station Depth Location Coordinates 

Antiplanes sanctiioannis 
(Smith, 1875). 

R/V Gidronavt 

R/V Gidrobiolog 

dredge No. 41 

stn 124 

110 m 

550 m 

Paramushir ld., 
Pacific side 

50°15’N, 156°29'E 

48°15'N, 140°41'E 

Carinolurrispolycaste (Dali, 1919) R/V Vityaz stn 4179 1258 m North California 42°40' N, 125°00' W 

Cochlespira pulchella 
(Schepman, 1913) 

R/V Baruna Jaya, KARUBAR stn CP 59 405-399 m Indonesia, Tanimbar Is. 08°20'S, 132°11'E 

Cochlespira radiata (Dali, 1889). R/V Marion Dufresne, MD55 stn CP 11 248-262 m SE Brazil 23°35 S, 40°06'W 

Comitas murrawolga 
(Garrard, 1961) 

R/V Vauban, 
MUSORSTOM 4 

stn DW 229 445-460 m Southern New Caledonia 22°52'S, 167°13’E 

Co mitas onokeana vive ns 
Dell, 1956 

R/V Dmitry Mendeleev stn 1269, 
Sigsbee trawl 

720 m 14°26'S, 174°29’W 

Kurilohadalia elongata 
Sysoev & Kantor. 1986. 
Zoogical Muséum of Moscow 
State University Lc-22398, paratype 

R/V Vityaz stn 2208 7210-7230 m Kurile-Kamchatka 
trench, east of North 
Kurile Is. 

49°29‘N, 158°41’E 

Leucosyrinx tSibogasyrinx) 
pyramidalis (Schepman, 1913) 

R/V Baruna Jaya, KARUBAR stn CP 72 699-676 m Indonesia, Tanimbar Is. 08°36’S, 131°33’E 

Leucosyrinx verrilll  (Dali, 1881) R/V Akademik Kurchatov, 
14th cruise 

stn 1209 1060 m NE Atlantic 13°04'N, 63°06'W 

Marshallena plvlipplnarum 
(Watson, 1882) 

R/V Coriotis. BIOGEOCAL stn CP 260 1820-1980 m Loyalty Basin 21°00'S, 166°58'E 

Plicisyrinx decapitata 
Sysoev & Kantor, 1986. 
Zoogical Muséum of Moscow 
State University Lc-22388, paratype 

R/V Vityaz stn 3166 5557 m E South Kurile Is. 44°42,09'N, 153°49’E 

F
o

re
g

u
r a

n
a

to
m

y o
f C

o
ch

le
sp

irii 



Medinskaya A. I. 

rs rndular sac 
rso radular sac opening 
rst rhynchostome 

sg salivary gland 
sgd sallvary gland duct 
St proboscis scalk 

vg venom gland 
vgd venom gland duct 

HISTORICAL REVIEW OF 

COCHLESP1R1NAE AND THE PRESENT 

CONCEPT Oh TH E SUBFAMILY 

The subfamily Cochlespirinae with the type 

genus Cothlespim Conrad, 1865 was established 

by Powell (1942) for a group ol fbssîl and Recenr 

généra diaractemed hy a “chtn tusiform shell, 

with sliarp, sornetimes frilled, penpheral keel" 

(Powell 1942: 31), Subsequently Powell (1966) 

has synonymized Cochlespirinae with Turrieuli- 

nae Powell, 1942 becati.se ofsLigbt différences 

between the subfamilies. According to Powell’s 

(1966, 1969) concept of Turriculinae, the sub- 

family was rather heterogeneous and included 

généra with different styles of radula, but united 

by moderato to large shell size, more or less nar- 

rowly fusiform shape, the sinus position on the 

shoulder, a rail spire, and a long canal. 

McLean (1971) generally employée! Powell's 

concept of Turriculinae, but restricted the sub- 

family to généra with a uniform type of radula, 

consisring ol wishhone marginal teeih and a 

variouslv devçloped (to absent) central toorh. 

In the révision of Conoidea based on anatontical 

characiers (Taylor et al. 1993), the authors found 

that the type genus of the subfamily, Turricula 

Schumacher, 1817. is vety dose anatomically to 

représentatives of the subfamily Clavatulinac 

Gray, 1853. Thercfore, Turricula was transferred 

to Clavatulinae and Turriculinae became a syno- 

nym of the latter. This made the name 

Cochlespirinae valid for the group consisting of 

the resl of Turriculinae sensu Powell. The dia- 

gnosis ol Cocblespirinae in Taylor et al. mainly 

followed that of earlier authors and was mainly 

based on conchological characters, because ana- 

tomical data did not givc suffîcient grounds for 

the clear séparation of Cochlespirinae from, for 

example, Crassispirinae McLean, 1971. There- 

fore, 22 Recent généra (and 6 subgenera) recog- 

nized by Taylor et al (1993) in Cochlespirinae, 

Were characrerized by the following set of 

conchological fearures: shell of medium to large 

size, fusiform or pagodiform, with usually ntode- 

rately elongate canal, generally deep anal sinus 

on the shoulder, and usually multispiral and 

smooth (at least initially) proroconch. 

ANATOMY  

I his section describes anatomy of the anterior 

part of the digestive System and radula of each 

species. Unfortunately, many species were repre- 

sented by a single specimen, therefore the radula 

descriptions are given only For some species. 

Besides the original material, we usecl the data on 

the anatomy of Aforia spp, (Sysoev & Kantor 

1987, 1988), with some additions and correc¬ 

tions based on the study of original préparations. 

Detailed descriptions of these species are given in 

the respective papers, and some corrections are 

listed in Table 3. 

Cochlespira pu le bel la (Schepman, 1913) 

(Figs I ; 16A, B) 

As the anatomy of C. radiata (Dali, 1889) 

(Fig. 16C) differs only slightly from that of 

C pulchelta. the description mostly concerns 

both species, with the différences being .specially 

indicated. 

T he rhynchodeum is narrow and long. The 

rhvnchodeal sphincter is large, in posterîor posi¬ 

tion. Lhe change of glandtilar epithelium oçcurs 

in the hrst third of the rhynchodeum length in 

inverted position. The entire part of rhyncho¬ 

deum covered by epithelium similar to that of 

proboscis, is evcriible. 

l he proboscis is long, with a rather large basal 

diameter and nartowing apically. At the apical 

end of proboscis there are rwo anterior sphincters 

with a sac-like buccal enlargement between them 

and a medium-sized épithélial pad. The buccal 

tube is almost straight in the apical part, and 

with regular small folds in the basal part. The 

lumen of the buccal tube is rather narrow and 

174 
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Foregut anatomy of Cochlespirinae 

Fig. 1. — Cochlespira pulchella, reconstruction based on longitudinal sections through the foregut. 

expands greatly in front of the buccal mass. 

Proboscis and buccal tube walls are rather mus- 

cular, at the base the proboscis vvall thickness is 

about 19% of the total proboscis diameter, the 

buccal tube wall thickness is about 6%. 

The buccal mass is large, muscular, and situated 

posterior to the proboscis. Buccal lips are rather 

long, muscular, and invertcd, The buccal mass 

forms a caecum-like structure with the opening 

of radular sac. In C. radiata it is better develop- 

ed. The radular sac has a wide opening, and the 

buccal sac is absent. 

Ducts of salivary glands are long and open on 

both sides of radular sac. Salivary glands are very 

large and acinous. The vcnom gland opens under 

the nerve ring and behind the buccal mass. The 

histology of the venom gland does not change 

posterior to the rterve ring. The muscular bulb is 

very large (srnall in C. r/tdiata), comprised by 

two oppo.sitely oriented layers of muscles, and 

without a connective ti.ssue laycr. The lumen of 

the muscular bulb is rather narrow, The ocsopha- 

gcal loop is very long. The buccal mass is situa- 

ted antcriorly, far front the nerve ring. The 

oesophagus diameter does not change markedly 

behind the nerve ring. 

The anatomy of Cochlespira radiata and C. pul- 

chella differs only in srnall details. The radula of 

both species has a well-formed central tooth with 

a strong central cusp. Marginal teeth of C. pid- 

cbelltt (Fig. 16A, B) are of the wishbone type 

with two limbs. Teeth of G radiata (Fig. 16C) 

appear to he longitudinally folded and somewhat 

twisted, with a central channel. 

Leucosyrinx verrilli  (Dali, 1881) 

(Fig. 2) 

The large rhynchodeum sphincter lies in an ante- 

rior position and practieally encircies the rhyn- 

chostome. The epithelium of the rhynchndeal 

wall is glandular and changes histology in the 

posterior quarter of the rhynchodeum length. 

The posterior part of the rhynchodeum is lined 

by an epithelium similar to that of proboscis, It 

Ls evertible. 

The proboscis is of medium length, with a rather 

large diameter, widi the apical end loosely coiled 

inside the rhynchodeum. At the tip of proboscis, 

there arc two anterior sphincters and a sac-like 

buccal enlargement between them. A well-deve- 

loped épithélial pad is situated in front of the 
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Fig. 2. — Leucosyrinx verrilli, reconstruction based on longitudinal sections through the foregut. 

first sphincter. The buccal tube is straight. 

Proboscis walls are not very muscular and uni¬ 

fia rmly thin along their entire length. The wall 

thickness is about 7% of the total proboscis dia- 

nteter and the buccal tube wall thickness is about 

6%. 
The buccal mass is medium-sized, muscular and 

situated postcrior to the proboscis. Buccal lips 

are absent. The radular sac opening is rather nar- 

row and the buccal sac is absent. Ducts of the 

salivary glands are rather short, weakly coiled and 

open on both sides of radular sac. Salivary glands 

are very sinall and acinous. The venom gland 

opens at the boundary ol buccal mass by a smaJI 

duct. Venom gland histology is unchanged post- 

eriorly. The muscular bulb is coniposed of rvvo 

layers of longitudinal muscles separated by a 

layer of unstructured connective tissue, with an 

innerniost layer of circulât fibres. The muscular 

bulb lumen is rather narrow, The oesophagus is 

greatly looped. The oesophagus diameter does 

not markedly increase behind the nerve ring. 

Data on radula are absent. 

Leucosyrinx (Sibogasyrinx) pyramidalis 

(Schepinan, 1913) 

(Figs 3; 16D, E) 

The large rhynchodeal sphincter is anterior and 

almost encircles rhe rliynchosrome. The epithe¬ 

lium of the rhynchodeal wall is glandular, 

changes histology in the rear quarter of the rhyn- 

chodcum Icngrh. The postcrior part of the rhyn- 

chodeum is lined by an epithelium similar to 

that of proboscis. It is cverliblc. 

The proboscis is long, with rather a large basal 

diameter; the apical end is very narrow, rolled up 

into a bail, At the proboscis tip there are two 

anterior sphincters and a sac-like buccal enlarge- 

ment berween them. A distinct épithélial pad is 

absent. The buccal tube is straight apically and 

lolded basally, with a narrow lumen. It greatly 

expands in front of the buccal mass. Proboscis 

and buccal mass walls are weakly muscular and 

thin. In the apical part the wall thickness is 

slightly more than 10% of the total proboscis 

diameter, whereas the buccal tube wall thickness 
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Fig. 3. — Leucosyrinx (Sibogasyrinx) pyramidalis, reconstruction based on longitudinal sections through the foregut. 

is only about 4%. The proboscis diameter greatly 

increases basally, with a corresponding increase in 

the wall tbickness, whereas the buccal tube walls 

remain thin-walled, and rheir thickness becomes 

only about 2-3% of the total proboscis diameter. 

The buccal mass is large, wcaldy muscular, cur- 

ved and situated behîng the proboscis. Buccal 

mass walls are thin, with hardly differentiated 

end of buccal mass, because the hisrology of the 

oesophageal wall does not differ front that of 

buccal mass. The différence consists only in the 

relative thickness of muscle layers and walls 

themselves. Buccal lips are long, inverted and 

rather muscular. 

The radular sac has a wide opening and lacks a 

buccal sac. Duces of salivary glands are long and 

open on both sides of radular sac. Salivary glands 

are medium-sizcd and acinous. The venom gland 

opens into the oesophagus beyond the buccal 

mass, behtnd the nerve ring (therefore, it does 

not pass through the nerve ring). The ducr is 

absent. Venom gland histology does not change. 

The muscular bulb is composée! of two opposing 

layers of muscles, without a connective tissue 

layer. The lumen of muscular bulb is rather nar- 

row.Thc oesophagus is moderately elongated. 

The buccal mass is situated not far anteriorly of 

the nerve ring. The oesophagus diameter greatly 

increases behind the nerve ring. 

The radula (Fig. 16D, E) is very similar ro that 

of Cochlespira pulcbetla, having wishbone margin¬ 

al teeth and a well-deftned central tooth with a 

strong cusp. 

Comitas onokeana vivens Dell, 1956 

(Figs 4; 5A, B; 17A) 

The rhynchodeal sphincter is small, anterior and 

situated slîghtly behind the rhynchostome. The 

rhynchodeum wall epithelium is glandular, dif- 

fering front that of proboscis wall. The rhyncho¬ 

deum is not evertible. 

The proboscis is long, wide, straight and covered 

by regular small folds along the enrire length. 

The structure of the proboscis tip is very pecti- 

liar. The muscular wall of proboscis becontes 

ahrupdy veiy thin and simulraneously the extern- 

al epithelium changes from high columnar ro 

very low. No distinct change of epithelium 

occurs at the apical end of proboscis. The exter- 

nal epithelium is the saine as the internai buccal 

tube epithelium. 

In the two sectioned specimens (Fig. 5A, B), the 

extent of eversion is different. In the place where 
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Fig. 4. — Comitas onokeana vivens, reconstruction based on longitudinal sections through the foregut. 

the buccal tube becomes more muscular, there 

are two small sphincters on both sides of buccal 

sac-like enlargement. There are two glandular 

pads in the enlargement. 

Morphologically, the structure of this portion 

corresponds to that ot apical end of the proboscis 

with two anterior sphincters, le is seen (Fig. 5B) 

that the buccal tube may evert to such extent 

that this portion appears practically at the very 

end of the proboscis. 

The buccal tube has small dcnscly arranged folds 

along its enttre length. Proboscis walls are not 

very muscular, with the same thickness along 

their entire length. 1 he wall thickness is about 6- 

7% of the total proboscis diameter, the buccal 

tube wall thickness about 10%. The buccal tube 

is lined with rather low columnar epithelium, 

and becomes larger after beginning of buccal 

mass. The oesophagus is lined with columnar 

epithelium. The buccal mass is rather large, mus¬ 

cular and situated behind the proboscis. Buccal 

lips are absent. The oesophageal wall torms not 

muscular, rather long but thin lips in front of the 

buccal mass. 

The radular sac has a wide opening, whilst the 

buccal sac is absent. Ducts of the salivary glands 

are rather long and coiled, and open on both 

sides of radular sac. Salivary glands are small and 

acinous. The venorn gland opens ncar the radu¬ 

lar sac, ar rhe posterior part of the huccal mass. 

The duel is absent. Venom gland histology does 

nul change. The muscular bulb is composed of 

two lâyers of longitudinal muscles separated by a 

layer of unscructured connective tissue. 1 he 

outer layer thickness is three to four limes more 

than that of inner layer. The lumen of the mus¬ 

cular bulb is rather large. The oesophagus is 

moderacely elongated. The oesophagus diameter 

does not increase behind the nerve ring. 

The radula (Fig. 17A) consisrs of fiat marginal 
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Fig. 5. — A, B, Comitas onokeana vivens, reconstruction based on longitudinal sections through the apical part of the proboscis, dif¬ 
ferent extent of the eversion. 

teeth thickened on the outer sides, with two flat C. murriuvolga has also a distinct central tooth 

plates in the central part. instead of two fiat plates. 

Comitas murrnwolga (Garrard, 1961) Antiplanes sanctiioannis (Smith, 1875) 

(Fig. 17B.C) (Fig. 6A, B) 

The anatomy of Comitas murrdwolga and C. ono- The rhynchodeal sphincter is anterior. The epi- 

keana vivons differs onlv in minor details, thelium of the rhynchodeal wall is glandular and 

C. murrnwolga has very small buccal Jips inverted differs front that of proboscis wall. The proboscis 

into the buccal cavity. Marginal teeth are very is long, wide, straight and covered by regular 

similar to those of C. onokeana vivens, but small folds along its entire length. The structure 
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Fig. 6. — Antiplanes sanctiioanms. A reconstruction based on longitudinal sections through the foregut; B, apical part of proboscis. 

of the proboscis tip is similar to that of Comitas. buccal en largement with a long and tall épithélial 

The rather muscular wall of the proboscis pad. The situation is thus similar to that in 

becomes abruptly very thin, but, in contrast to Comitas, where the structure of fhis part corres- 

Camitas, without a change in outer epithelium, ponds morphologically to that of the proboscis 

The anterior end of the proboscis is truncated tip, whereas this part is intermediate in its posi- 

apically, with a rather long and narrow stalk near tion. The buccal tube has small densely arranged 

the centtr of llatiencd area. No distinct change folds along its entire length. 

of epithelium occurs at the tip of the proboscis. The proboscis waJis are rather muscular, with the 

In the two secrioned specimens, the extent of same thickness alung their entire length. The wall 

eversion is different. In the second specimen (not thickness is about 10-12% of the total proboscis 

figured) the thin-walled portion is considerably diaraeter, whilsr the buccal tube wall thickness is 

shorter, and the buccal mass is situated behind about 7-8%. The buccal tube is lincd with a 

the proboscis. rather low columnar epithelium, bccoming taller 

At the beginning of the wide portion of rhe pro- after rhe beginning of buccal mass. The oesopha- 

boscis there are a small sphincter and a sac-like gus is lined with columnar epithelium. 
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Fig. 7. — Marshallena pnilippinarum, reconstruction based on longitudinal sections through the foregut. 

The buccal mass is large, muscular, folded and 

situated at the proboscis base. Buccal lips are 

long, thin. rather muscular and nor everted. The 

radular sac has a wide opening, wTiilst the buccal 

sac is absent. Salivary ducts arc long, coiled, open 

on both sidc.s of radular sac. Salivary glands are 

large and acinous. 1 he venom gland opens near 

the radular sac, at the rear boundary of buccal 

mass. A duct is absent. Venom gland histology 

does not change. The muscular bulb is compo- 

sed of two layers of longitudinal muscles separa- 

ted by a laver ol unstructured connective tissue. 

The thickness of the outer laver is slightly less 

than that of the inner. The lumen of the muscu- 

lar bulb is small. The oesophageal loop is short. 

Oesophagus diameter greatly increascs behind 

the nerve ring. 

The radula consists of two marginal teeth, com- 

posed of two Hat plates. 

Marshallena philippinarum (Watson, 1882) 

(Figs 7; 17D, E) 

The rhynchodeal sphincter is located in an ante- 

rior position. The epithelium of the rhynchodeal 

wall is glandular, but is developed only in the 

anterior part of rhynchodeum. The rhyncho- 

deum walls are very thin in the basal part, and 

the glandular epithelium is represented only by 

scattered cells. The rhynchodeum is not ever- 

tible. 

The proboscis is long, straight, except the apical 

part, and of a small diameter which does not 

change along the proboscis length. The structure 

of the proboscis tip is similar to that of 

AmipLmes. The muscular wall of proboscis gia- 

dually becomes very thin withour a change in the 

external epithelium, lire proboscis walls are verv 

thin in the apical part. At the beginning of the 

wide portion of the proboscis there is a large 

sphincter, whcreas a sac-like buccal enlargement 

and épithélial pad arc absent. The buccal tube is 

rather srrongly coiled inside chc proboscis. 

Proboscis walls are muscular in the basal pair. 

The wall thickness is about 19% of the total pro¬ 

boscis diamc-ter, with rhe buccal tube wall thick¬ 

ness about 3-4%. 

The buccal mass is vety large and muscular. le is 

situated almost perpendicular to the proboscis 

and benr so that its end lies almost at the probos- 
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Fig. 8. — Kurilohadalia elongata, reconstruction based on longitudinal sections through the foregut. 

cis base. In Figure 7 the buccal mass is shown at 

a slightly reduced scale. The nerve ring lies 

almost immediâtely behind the buccal mass, near 

the proboscis base. Buccal lips are rather short 

but muscular, and not everted. The radular sac is 

very short, with a narrow opening, the buccal sac 

is absent. 

The salivary ducts are long, slightly coiled and 

open on hoth sides of radular sac. The salivary 

glands are large and acinous. (The glands and 

ducts are not shown in Figure 7). The venom 

gland opeits iar behind the radular sac, at the 

rear boundary of the buccal mass. The duct is 

absent. The histology of the venom gland is very 

different Iront usual. A hollow, uncoiled tube 

arises from the buccal mass, goes strietly along 

the oesophagus and passes through the nerve 

ring. It is lined with a glanduiar epithelium with 

very large tells, the venom granules arc absent. 

The histology ol the venom gland changes just in 

front of the muscular bulb. l’he epithelium 

abruptly disappears, and the tube ht contes ftlled 

by venom granules. The granules are présent also 

in the lumen of the muscular hulb. The muscu- 

lar bulb is contposed of two layers ol longitudi¬ 

nal muscles separnted by a layer of unstructured 

connective tisxue. The thickness ot the outer 

layer is slightly less than titat ol the inner. The 

lumen of muscular bulb is sntall. The oesopha¬ 

gus is slightly clongated. Oesophagus dianieter 

does not increase markedly behind the nerve 

ring, but rite oesophagus for ms an appendix, 

extending berween the rltynchodcum wall and 

the bodv wall. The wall of oesophagus is almost 

fused with the thin wall of rhynchodeum. The 

epithelium of the oesophagus consiste of very 

large cells, with a number of regularly arranged, 

large, glanduiar cells. 

The radula (Fig. l^D, E) consist only of rwo 

marginal teetlt in each row. The teetlt are wish- 

hone and composed of two nearly equal limbs. 

Ktirilobadalia elonvata Sysoev & Kantor, 1986 

(Fig. 8) 

The rhynchodeum sphincter is in the anterior 
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Fig. 9. — Plicisyrinx decapitata, reconstruction based on longitudinal sections through the foregut. 

position but shifted backward. A glandular epi¬ 

thelium is présent. 

The proboscis is rather long, uncoiled and occu- 

pies mosr of the rhynchodeum. The proboscis 

diameter does not change along its length, The 

buccal tube is very narrow from the mouih to 

the First sphincter. At the tip ot the proboscis 

there are twn anterior sphincters, the First one 

being smaller that the second, There is a sac-like 

buccal enlargement between the sphincters. lt is 

lined with a tall epithelium, ditlering from the 

resr of the buccal tube epithelium. Buccal tube 

walls are very thin and rather strongly folded 

inside the proboscis. 

The proboscis diameter is very large, but the pro¬ 

boscis walls are not very muscufar, the wall thick- 

ness being about 7% ol the total diameter. The 

proboscis mostly consists of longitudinal muscles. 

The buccal mass is large, situated behind the 

proboscis. Buccal lips are long and very niuscu- 

lar, whilst the walls of the buccal mass are weakly 

muscular. In the radular sac opening there are 

thin and long lips. Salivary ducts are very short, 

straight and open into a deep buccal sac. Salivarv 

glands arc large, with an anastomosing-tubular 

morphology. The vehom gland opens near the 

radular sac by a ver)' short ducr. 

Venom gland histology does not change. The 

muscular bulb consists of two layers of large lon¬ 

gitudinal muscle fibres separated by a very thin 

laver of structured connective tissuc with a thin 

innermost laver of circular fibres. Ihc lumen of 

muscular bulb is very broad. The ocsophagus 

diameter does not increase markedly after the 

nerve ring. 

I hc radula consists of rwo rows of marginal cccth 

only. The teeth arc elongated, leaf-shaped, slight- 

ly curved in profile and consist of two flattened 

parts tightly adjoining each other (Sysoev & 

Kantor 1986). 
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Fig. 10. — Megasurcula carpenteriana, reconstruction based on longitudinal sections through the foregut. 

Plicisyrinx decapitata Svsoev & Kantor, 1986 

(Fig. 9) 

The rhynchodeum sphincter lies in the anterior 

position and shifted backward. The rhynchodeal 

wall epithelium difFers from that of the proboscis 

wall. The rhynchodeum is not evertible. 

The proboscis is long, with virtually the same 

diameter along its entire length, but the apical 

part is narrower. The sac-like buccal chargement 

and epitheli.il pad are absent. The buccal tube 

sphincter is anterior, the distance from rhe 

mouth to the sphincter is slightly more than the 

tooth length. Tecth are ver)' long. The walls ol 

proboscis, buccal tube, and oesophagus are very 

thin. The proboscis wall thickness ts about 5- 

6%, and buccal tube wall thickness is about 2% 

of the total proboscis diameter. The basal part of 

the proboscis is externally covered by a columnar 

epithelium with a rhin cuticle. The apical part is 

covered by a cubic epithelium, also cuticülized, 

with a very éveil surface. The buccal tube is lincd 

with a rather low columnar epithelium, which 

becomes larger after rhe beginning of buccal 

mass. The oesophagus is lined with a columnar 

epithelium without cilia. 

The buccal nuss is large, muscular, hegins inside 

the proboscis and slightly coiled. Buccal lips are 

long and muscular. The radular sac opens our- 

side the proboscis and the buccal sac is absent. 

Salivary ducts are rather short, of small diameter, 

not very coiled, opening rather far from the 

radular sac, on both its sides, dorso-laterally and 

ventro-laterally. Salivary glands are very small 

and intermédiare betwcen acinous and tubular. 

This type of salivary glands was designated as 

modified acinous (Kantor <7 al, 1997). The 

venom gland opens neax rhe radular sac, at the 

rear boundary of buccal mass. A very short duct 

is présent. Venom granules appear ncar the gland 

opening. The venom gland histology doe.s not 

change along its length. The muscular bulb is 

very large, eousisung of nvo lavers of large longi¬ 

tudinal muscle fibres separated by a layer of 

structured connective tissue, with a rhin inner- 

most layer of circulai- fibres. The lumen of the 

muscular bulb is very broad. 1 he oesophagus is 

medium elongated. Oesophagus diameter does 

not merease posterior to the nervous ring. 

The radula consists of two rows of small, llatten- 

ed, slightly curved, wishbone teeth (Svsoev & 

Kantor 1986). 

Megasurcula carpenteriana (Gabb, 1865) 

(Figs 10; 11) 

The rhynchodeal sphincter is in the anterior 

position, very large. The sphincter is formed by 

longitudinal muscles. Longitudinal muscle 

bunches pass from the sphincter downward and 
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Fig. 11. — Megasurcula carpenteriana, buccal mass (reconstruction based on longitudinal sections through the foregut). 

attach to the rhvnchodeum wall. The rhyncho- 

deum wall epithelium is not glandular. The 

rhynchodeum is not evertible. 

The proboscis is long, wide and coiled inside the 

rhynchodeum. At the tip of the proboscis, there 

are two anterior sphincters and a sac-likc buccal 

enlargement between thent. The epithélial pad is 

absent. The buccal tube wall between the two 

sphincters i.s underlain by a layer of large circular 

fibres, i.e. there is a kind of long and thin 

sphincter. The buccal tube is folded, with very 

thin walls. Proboscis walls are rather muscular 

ZOOSYSTEMA • 1999 • 21 (2) 

and of the same thickness along the entire lengtlt. 

The wall thickness is about 9% of the total pro¬ 

boscis diameter and the buccal tube wall thick¬ 

ness is about 5%. Between the proboscis base 

and the beginning of buccal mass, the buccal 

tube is strongly coiled. very thin, and forms a 

rather long loop, which passes along the buccal 

mass like a wide and thin ribbon. 

The buccal mass is large, very muscular, lient and 

situated outside of the proboscis. Buccal lips are 

absent. The radular sac has a wide opening, the 

buccal sac is absent. Salivary ducts are long, 
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Fig. 12.— Carinoturris polycaste, reconstruction based on longitudinal sections through the foregut. 

slightly coiled and open on both sidcs of radular 

sac. Salivary glands arc large and acinous. The 

venom gland opens bv a short duct at the border 

of buccal mass. The venom gland histology does 

not change along its length. The muscular bulb 

was not located on the slides. The élongation ol 

oesophagus is well-expressed, the oesophagus 

forms a long loop near the buccal mass. The 

oesophagus diameter does not increase after the 

nerve ring. 

Radular teeth are wishbone, with the distal limb 

of the base dctachcd (Powell 1966). 

Carinoturris polycaste (Dali, 1919) 

(Fig. 12) 

The rhyuchodeum sphincter is in the anterior 

position, medium-sized, situated around the 

rhynchostome. The rhynchodeum wall epithe¬ 

lium diflers from the proboscis wall external epi¬ 

thelium. The rhynchodeum is not evertible. 

The proboscis is long, with almost no change in 

diameter along its length. The apical part is coil¬ 

ed inside the rhynchodeum. The buccal tube 

from the mouth to the first sphincter is very nar- 

row. At the apical end of proboscis there are two 

anterior sphincters, the first one is very small, 

with a marked bend and a sac-like buccal enlar- 

getnent behind it. The second sphincter is larger 

and situated behind the sac-like buccal enlarge- 

mtnr. There is a large and very high épithélial 

pad within the enlargement. The proboscis wall 

thickness is about 2ü% of the total proboscis dia¬ 

meter, the buccal tube wall thickness is only 

about 4%. The buccal tube is lined with a rather 

low columnar epithelium, which becomes taller 

after the buccal mass beginning. The oesophagus 

is lined with a columnar epithelium. 

The buccal mass is rather large, not very muscu¬ 

lar and situated ourside the proboscis. The rhick- 

rtess ol the buccal mass wall différa only slightly 

Iront that of the buccal tube. An alteration of 

muscle structure of the wall occurs far from the 

venom gland opening, as if  the venom gland 
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Table 2. — List of characters and States used in cladistic analysis. 

1. Epithelium of posterior rhynchodeal wall:0, glandular; 1, not. 
2. Proboscis length. 0, long; 1, short. 
3. Proboscis wall thickness (in % of proboscis diameter): 0, more than 10%; 1, less than 10%. 
4. Proboscis tip. 0. typioal: 1, Camtas-wWe 
5. Epithelial pad at lip of buccal tube: 0. présent; 1, absent. 
6. Anterîor buccal tube sphincters: o, one; 1, two; 2. absent 
7. Sac-like chargement of ttie buccal tube; 0. présent, 1, absent. 
8. Shifting buccal tube sphincter; 0 absent 1, présent. 
9. Buccal lips. 0. absent; 1. uninvertible; 2, invertlble. 

10. Position of the buccal mass; 0, within the proboscis; 1. posterior to the proboscis base; 2, at the proboscis base. 
11. Buccal mass Sharp; 0, not curved. 1 curved 
12. Elongation of the oesophagus. 0, absent; 1. présent. 
13. Increasing of the oesophagus diameter 0, absent; 1, présent. 
14. Salivary glands: 0, acinous; t, anastomosing tubular; 2, modified acinous. 
15. Venom gland duct: 0 présent; 1, absent. 2, modified, 
16. Position of ooening of venom gland lato oesophagus: 0, at the border of buccal mass; 1, behind buccal 

mass. 
17. Number of muscular layers of lhe muscular bulb: 0, three layers with the connective tissue; 1, one or two layers 

without connective tissue. 
18. Orientation of fibres in outer two layers of muscular bulb: 0, similar orientation; 1. opposite orientation. 

opens in the middle of lhe buccal mass. Buccal 

lips are large and muscular, with a very narrovv 

space between them. I he radular sac has a wide 

opening, and the buccal sac ts absent. Salivary 

ducts are short, scraight and open on both sides 

of radular sac. Salivary glands arc very small and 

acinous. l he venom gland opens near the radu¬ 

lar sac opening, with a very small duct. l he 

venom gland histology dues nor change along its 

length. The muscular bulb is composed ot two 

layers of large longitudinal muscles separated by 

a laver of unstructured connective tissue, with an 

innermo.st laycr of circular fibres. Ail  muscle 

fibres arc very thin. l he lumen of the muscular 

bulb is rather wide. l he oesophagus is medium 

elongated. Oesophagus diameter does not increa- 

se behind the nerve ring. 

CLADISTIC ANALYSIS AND RELATION- 

SHIPS WITHIN THE SUBFAM1LY 

The analysis was based on 18 characters recogni- 

zed in previous Works on Conoidea (Taylor et ai 

1993; Kantor et ni. 1997) (Table 2). Some cha¬ 
racters wcte somewhat changcd, taking into 

account the peculiarities of tlie given subfamily: 

Character 3. Lhe ratio between the proboscis 

wall thickness and the proboscis diameter appear- 

ed to be important in distinguishing some spe- 

cies, winch possess a large proboscis, but the wall 

thickness does not exceed 10% of diameter, and 

there are large longitudinal muscles passing along 

the buccal cube. 

Character 4. It emphasizes the présence of a 

thin-walled stalk at rhe proboscis apical end in 

some species. 

Character 8. lt considers that group of sphinc¬ 

ters which cannor be assigned neither to anterior 

nor to posterior (sce Discussion). 

Character 13. It considère the sharp alteration in 

the histological structure of rhe oesophagus wall 

in some species. 

Character 15. An additional siate two was intio- 

duced for MtmhaUcna philippinarum w h ose 

venom gland changes its histology far behind the 

nerve ring whilst the duct ts apparently absent. 

The data on some species of Aforia Dali, 1889 

were incomplète, bccau.se only the very anterior 

parts of digestive System were sectioned. 

The analysis was performed with Ccmmula 

deshayesi (Douinet, 1839) taken as an outgroup 

(Table 3). The data on t h is species were extracted 

(rom Kantor et al. (1997). Characters 4, 8. 13, 

14 and 16 were rreated as ordered. 

A heurisric seareh produced 12 equally pareimo- 

nious trees (47 sceps, consistency index = 0.489, 

rétention index = 0.718, homoplasy index = 
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Table 3. — Distribution of character States for the cochlespirine gastropods examined. Details of characters are listed in Table 2. 

Character 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Gemmula deshayesi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aforia inoperculata ? 1 0 0 1 1 0 0 2 1 1 ? ? ? 1 1 ? ? 

Aforia circinafa 0 0 0 0 1 0 0 0 1 2 0 0 1 0 1 1 1 1 
Aforia lepta 1 1 0 0 1 2 1 0 1 2 0 0 1 0 1 0 1 1 
Aforia moskalevi ? 0 0 0 1 1 0 0 1 2 0 1 1 0 1 1 1 1 
Aforia aulaca alaskana ? 0 0 0 1 1 0 0 1 2 ? ? ? ? ? ? ? ? 

Aforia crebristhata ? 0 0 0 1 1 0 0 1 2 0 0 1 0 1 1 1 1 
Aforia abyssalis ? 1 0 0 0 1 0 0 1 2 0 1 1 0 1 1 1 1 
Aforia kupriyanovi ? 1 0 0 0 1 0 0 1 2 ? ? ? ? ? ? ? ? 

Antipianes sanctiioanriis 0 0 0 1 0 2 0 1 1 2 0 1 1 0 1 0 1 0 
Carinoturrls polycaste 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 0 0 
Cochlespira pulchella 0 0 0 0 0 1 0 0 2 1 1 1 0 0 1 1 1 1 
Cochlespira radiata 0 0 0 0 0 1 0 0 2 1 1 1 0 0 1 1 1 1 
Comitas iïiurrawolga 0 0 1 1 0 2 0 1 2 1 0 1 0 0 1 0 1 0 
Comitas onokeana vivens 0 0 1 1 0 2 0 1 0 1 0 1 0 0 1 0 1 0 
Kurilohadalia elongata 0 0 1 0 1 1 0 0 1 1 0 0 0 1 0 0 0 0 
Leucosyrinx pyramidalis 0 0 0 0 1 1 0 0 2 1 1 1 1 0 1 1 1 1 
Leucosyrinx vernlli 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 
Marshallena philippinarum 0 0 0 1 1 2 1 1 1 1 1 1 0 0 2 0 1 ? 

Megasurcula carpenteriana 1 0 1 0 1 1 0 0 0 1 1 1 0 0 0 0 ? ? 

Plicisyrinx decapltata 0 0 1 0 1 0 1 0 1 2 0 1 0 2 0 0 0 0 

0.511). The trees were rather uniforra, and most 

branches were supported in ail trees. The résolu¬ 

tion of the analysis was poor raostly in branches, 

consisting of numerous species of Aforia and in 

that including two nearly identical morphologi- 

cally species of Cochlespira. This, however, seems 

rather natural, because anatomic-al data used in 

the analysis, usually do not allow to distinguait 

species of a genus. 

A strict consensus tree is shown in Figure 15. 

Table 4. — Synapomorphies for irrterior nodes, Nodes numbe- 
red as in Figure 15. 

Node Synapomorphies 
(Character: State) 

1 3(1) 
2 9(1) 
3 5(1) 
4 9(1), 14(1) 
5 15(1). 17(1) 
6 4(1), 6(2). 8(1) 
7 3(1) 
8 16(1). 18(1) 
9 10(2) 

10 5(1) 
11 2(1) 
12 9(2), 11(1) 
13 5(1) 

The synapomorphies for internai nodes are listed 

in Table 4. 

The main resulc of the analysis was the division 

ot the taxa studied into three large groups, which 

correspond wcll to those bascd on estimation of 

kcy anatomical peculiarities (sec below). 1 hese 

groups may represenr different evolutionary 

lineages within the Cochlcspirinae, but any taxo- 

nomic conclusions seem to be prématuré, due to 

a rather small percentage of cochlespirine généra 

covered bv the study. 

DISCUSSION 

Anatomicai. variation 

The subfamilv Cochlcspirinae is not very diverse 

in foregut morphology. It is possible to recognize 

three types of the foregut organi/ation. The most 

important characters are the position and struc¬ 

ture ot venant gland with rnuscular bulb, while 

ail other characters, such as die position and 

structure of buccal mass, the buccal lips, the sali- 

vary glands, and the sphincters of buccal tube are 

eîther uniforra (e.g., salivary glands), or too 

variable, even within the genus (e.g., the number 

of buccal tube sphincters). Therefore, the ana- 
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lysis of structure of the vvhole digestive System 

may be based only on the complex of characters. 

The présence of glandular epithelium in the 

rhynchocieum is characteristic of the majority of 

cochlespirines, except Aforia lepta and Mega- 

surcula carpenteriana. The sanie conccrns the 

protraction of proboscis, which is permitted by 

eversion of the posterior part of rhynchodeum. 

The rhynchodeum walls in the posterior part are 

not attached to the body walls. During the pro¬ 

boscis protraction, rhey move rogerher with the 

proboscis and become the continuation of its 

walls, thus making the proboscis substantially 

longer. In rnost cases, exceptüng rnost Aforia spe- 

cies, there is also a loop of oesophagus .situated 

behind che buccal mass but anterior to clic nerve 

ring. The presence of che loop is connected with 

proboscis profraction and provides an additional 

length to avoid the passage of structures, situated 

behind the nerve ring, through the ring during 

the proboscis protraction (Fonder 1973). The 

proboscis is u.sually long, except in some species 

of Aforia. 1 lie latter, however, u.sually possess a 

loop of oesophagus, which may indicate that the 

proboscis is in a retraefed position. 

The structure of rhe apical part of the proboscis 

is rather variable. No species of Cochlespirinac 

was found to possess intermediate or posterior 

sphincters, Antenor sphincters may be absent, as 

in Aforia lepta\ ali other species srudied possess 

either one (e.g. Aforia circinata, Plichyrinx deçà- 

pitata, Marshallena philippinartttn, Antiplanes 

sanctïioannis), or two anterior sphincters. The 

sac-like en largement of buccal mass is usually 

présent, except in three species (PlicisyrinX deen- 

pitata, Aforia lepta, and Marshallena philippine!- 

mm), while rhe epithélial pad is presepr in only 

half of the examined species. Different combina¬ 

tions may be found within a genus and e\'en sub- 

genus and, as in other subfamilies (Taylor et al. 

1993; Kanror et al. 1997), there is no çorrespon- 

dence with other anaromicai characters of rhe 

foregut. 

The apical part of the proboscis i.s of spécial 

interest in four species; Co mi tas murrawolga, 

C. onokeana, Antiplanes sanctïioannis and 

Marshallena philippniarum. In this group of spe¬ 
cies the proboscis narrows abruptly in the apical 

part. This resuhs in the formation of a thin stalk 

which is a continuation of the proboscis and is 

two to four cimes longer thac the radular toorh 

length. Inner and outer walls of the stalk are very 

thin, bilayered, formed by longitudinal and cir¬ 

culai- muscles, and lined with rhe saine epithe¬ 

lium. The wider part of the proboscis contains 

one or two buccal sphincters (ail species), a sac- 

like enkirgement (Cotaitas finlay, 1926) and an 

épithélial pad (Carmins .nid Ami planes sanctiiaun- 

nis). In both species of Comitas, at some distance 

from the stalk the exremal columnat- epithelium 

abruptly changes to a lower cubic epithelium, 

identical to the inner epithelium of the buccal 

tube (Fig. 5A, B). There is no .such change in the 

epithelium in Antiplanes and Marshallena, 

though in Antiplanes the columnat epithelium of 

the outer proboscis wall gradually transfers kilo 

the cubic onc on the outer wall of the stalk. 

The stalk may vary in length in different spéci¬ 

mens of Comitas and Antiplanes. When the stalk 

length changes, rhe position of buccal sphincters 

in relation to rlie proboscis tip also changes 

(Fig, 5A, B). The distance from the sphincter to 

the proboscis tip is abolir four radular tooth 

lengths in Figure 5B, whereas it is about two 

tooth lengths in Figure SA. Figure 6 shows a spé¬ 

cimen of Antiplanes with the longest stalk, when 

the sphincters are rnost close to the proboscis tip 

and the buccal mass lies inside the proboscis 

base. Another specimen of Antiplanes (not figu- 

red) had a shorter stalk, the distance betwen 

sphincters and the proboscis tip was greater, and 

the buccal mass was shifted from the proboscis 

base ourwardx. 

h is problemaric to ascribe thèse sphincters to a 

category. h was suggested to designate sphincters 

as anterior if  the distance from a sphincter to the 

mouth opening does not exteed 2.5 tooth 

lengths (Kantor et ai 1997). In the situation 

tinder considération, the position of sphincters 

may va/y, taking either anterior or posterior posi¬ 

tion Nevertheless, the presence of a sac-like 

enkirgement and an épithélial pad indieates that 

the sphincters are used for the tooth fixation 

and, therefore, are functionally anterior. Such 

sphincters, varying in position but functioning as 

anterior, are designated here as shifting sphinc¬ 

ters. 

When discussing the structure of anterior part of 
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Fig. 13. — A Cochlespira pulcliella, oesophagus portion near the nerve ring, with lhe venom gland opening; B. Megasurcula car- 
penteriana. buccal mass, with lhe opening of lhe venom gland duct. 

the proboscis, we avoidcd che use of the term 

“mouth”, hecause it is dchned functionally and, 

in this case, does noc coïncide with anatomical 

tip of the proboscis. The mouth is usually cha- 

racterized by a change of ouier epithelium of che 

proboscis vvall for che inner epithelium of che 

buccal tube, and by an alteration of the wall 

muscular structure. Similar changes occur at the 

base of che scalk in the species considérée! This 

fact and identity of the epithelium of inner and 

outer wall,s of the stalk with the epithelium of 

the resr pari of che buccal tube allow to suggest 

that the stalk représenta an everted parc of che 

buccal tube. Howcver, the absence of a distinct 

change in epithelium in Marshallerm philippina- 

rum dcies not permit to State reliahly that che 

stalk is bomologous in ail lour species. 

The buccal mass mav be situated eithet at che 

proboscis base or outside ic. Therc arc no species 

of Cochlespirinae examined wliich possess the 

buccal mass inside the proboscis. Buccal lips are 

absent iu Comitas onokeana vtvens, Leucosynnx 

verrilli  and Megasunula carpenteriana, în ail 

others they are présent. Both species ol Cot h In¬ 

spira, one of Aforia, Leucosyrinxpyramidal:.'!, and 

Comitas murrawolga hâve inverred buccal lips. It 

is very interesting that in two Comitas species, 

one lacks the buccal lips, and another possesses 

inverted buccal lips. In other respects, these spe- 

cies are virtually identical to each other anatomi- 

cally. This shows that the presence and che posi¬ 

tion of the buccal lips may nor be good charac- 

ters for the analysis of anaromy, and may vary 

even witbin a genus. 

Saltvary glands, except in two species, are the 

normal acinous type. Anastomosing tubular 

glands are présent in Kurilohadalia, and the 

modified acinous type — in Pliehyrinx. These 

types of salivary glands were fitst dcscribed in the 

species of the subfamily Crassispirinae (Kantor et 

al. 199% 
The structure of the venom gland it.self is sintilar 

in ail the species scudied, except Marshallerm phi- 

lippinamm. The venom gland does not change 

its hîstology in the passage rhrough the nerve 

ring and opens directlv or by a small duct in the 

oesophagus. l he location of rhe venom gland 

opening corrélâtes with the structure of muscular 

bulb. When the venom gland opens behind the 

buccal mass, rhe duct is absent and the muscular 

bulb is composed of two oppositely oriented 

muscle layers, with no connective tis.sue laver. 

When the venom gland opens at the buccal mass 

border, a very small duct may be présent and the 

muscular bulb is composed ot rhree muscle 

lavers. Two outer layers hâve a similar orientation 

and are separated by a connective tissue layer. 

1 he venom gland may also open at the border of 

rhe buccal mass wiihout a duct. In this situation 

the muscular bulb is usually composed of two 
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Fig. 14. — Types of foregut organization. A, Atoria spp,, Leucosyrinx pyramidalis, Cochlespira pulchella, C. radiata; B, Antiplanes 
sanctiioannis, Marshallena philippinarum, Comitas onokeana vivens, Comitas murrawolga', C, Carinoturris polycaste, Kurilohadalia 
elongata, Leucosyrinx verriili, Megasurcula carpenteriana. 

similariy orientée! muscle layers, vvithout a 

connective tissue layer (e.g. Comitas sp., Anti- 

planés sanctiioannis). Marshallena philippinarum is 

the exception, possessing the muscular bulb com¬ 

posée! o! a single muscle layer and the venom 

gland of a very peculiar structure (see description). 

It is necessary to define the terni “venom gland 

duct” (Fig. 13A, B). We consider the venom 

gland duct being présent if  there is an abrupt 

narrowing bclorc the opening and at le-ast a small 

part of the gland Iacks venom granules. If the 

venom gland has a large opening and the venom 
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granules are présent just néar the opening, we 

consider rhe venuni gland duel: lo be absent. 

Observations lierein suggest tbat ihe site and the 

mode of the venom gland opening, and the 

structure of the muSculat bulb are closely interre- 

lated and very important. In any case, it is now 

évident that if  the venom gland duct is absent, 

the number of muscle layers ol the muscular 

bulb is reduccd to tvvo (and cven to one in 

Marshallena). When the venom gland duct is 

présent, irrespective of ics lcngtli, the muscular 

bulb is composed ol three layers. For example, 

some Cochlespirinae (c.g. Carinohmis polycaste, 

Kurilohadalia elongata, Leucosyrinx verril/i, 

Megasurcula carpenteriana, Plicisyrinx dealpiltila) 

hâve a very short duct, whereas ail Crassispirinac 

(Kantor et al. 1977) hâve a long duct, and a very 

similar threedayer structure of the muscular 

bulb. 

As stated above, one of the rnost important crite- 

ria in distinguishing the rhree morphological 

groups in Cochlespirinae unexpectedly became 

the structure of the venom gland and the muscu- 

lar bulb, though similarities and distinctions in 

the foregut organisation should be also taken 
into account. 

The first group indudes 11 species. The princi¬ 

pal charactcrs arc the position of the venom 

gland opening (beyond the buccal mass) and the 

structure of the muscular bulb composed of rwo 

opposirely orîented muscle layers (Fig. 14A). 

This group consiscs of A for ta spp., Leucosyrinx 

pyramidalis, Cochlespim pulchella, C. radiata, The 

three latter species hâve a well-developed oeso- 

phageal loop and the distance from the buccal 

mass to the nerve ring and, correspondingly, to 

the place of the venom gland opening is rather 

long. In ail species ol Aforia this distance is 

shorter. In fact, some Aforia species (e.g„ A. nios- 

kalevi, A. abyssahs) bave an oesophageal loop but 

it is not very long. In A circinata and A. crebris- 

triata, the distance betvveen the buccal mass and 

the nerve ring is very short, However, in ail 

Aforia species the nerve ring is situated at the 

same level as the buccal mass, but Jaterally. As a 

resuh, the ocsophagus curves behind the buccal 

mass and passes along the buccal mass for some 

distance. Th us even in species lacking the ocso- 

phageal loop, the oesophagus deviates from the 

buccal mass at an angle of about 90". In many 

species (e.g. Leucosyrinx pyramidal]s, Aforia circi¬ 

nata, A. lepta), the end of the buccal mass is not 

clearly differentiated histologically. The buccal 

mass wall gradua!!)' becomes thiimer, almost 

without a change in histology. A distinct change 

occurs only near the nerve ring and behind it, 

wlicre oesophagus diameter greatly incrcases. 

This inc reasc is characteristic ol Leucosyrinx pyra¬ 

midalis and ail Aforia species, including chose 

havinga weil-differentiatcd buccal mass. 

The position of the venom gland opening 

behind the buccal mass is probably the resuh of 

an élongation ol oesophagus at the expensc of 

rhe rear part of the buccal mass. This may be evi- 

deneed by the absence of clearly differentiated 

post-erior end of the buccal mass in some spe¬ 

cies. h is possible to assume that rhe buccal mass 

irself exrends to rhe nerve ring, and the oesopha- 

gus expansion after the ring wirh the changing 

oesophagus wall histology represents rhe end of 

the buccal mass. However, both species of 

Cochlespim, winch are superfïcially very similar 

to Aforia, bave a well-differenriared buccal mass, 

a long oesophagus loop, and l.tck rhe oesophagus 

expansion behind the nerve ring. That is, in 

these species the élongation ol oesophagus took 

place, but il occurred betvveen the buccal mass 

and the venom gland opening. 

Aforia lepta is a spécial case, because it complete- 

ly lacks an oesophageal loop, its venom gland 

opens at rhe end of rhe buccal mass, and the 

nerve ring is situated just behind. However, the 

muscular bulb is also composed of rwo opposite- 

ly oriented layers, and the oesophagus expansion 

is présent. This type of structure looks very pecu- 

liar, but it is necessary to rake into account that 

the original description (Sysoev & Kantor 1987) 

was based on a single juvénile specimen, and it 

canner be excluded that rhere may be rather sub- 

stantial ontogenetic changes. 

The second group consists of Antiplanes sanc- 

tiioannis,. Cornu as munawolga, C. onokeana 

ta tiens, and Marshallena phtlîppinarum, wirh the 

latter species occupyïng a spécial position. This 

group is characrerized by the structure of the 

muscular bulb composed of rwo muscular layers 

wirh similar orientation (or one muscular layer in 

Marshallena philippinarum)\ and the venom 
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-Leucosyrinx verrilli  

Fig. 15. — Strict consensus tree. 

gland opening at the boundary of the buccal 

mass, without a duct (except in Marshallena phi¬ 

lippinarum) (Fig. 14B). An additional character 

is the structure of the proboscis apical part, with 

a stalk and shifting sphincters. Marshallena phi¬ 

lippinarum vvas assigned to this group for several 

reasons. In spite of the unique structure of the 

venoin gland (see description) and the presence 

of only one layer in the muscular bulb, the latter 

is very siniilar to that ol ail other species of this 

group, and the structure of the apical end is also 

approximately the same. 

The third group includes Carinoturris polycaste, 

Kurilohadalia elongata, Leucosyrinx verrilli,  

Megasurcula carpenteriana, and Plicisyrinx decapi- 

tata (Fig. 14C). These species hâve no clearly 

expressed features, and cannot be assigned to the 

two other groups. In general, besides the three- 

laycred muscular bulb with very large muscle 

fibres, they are characterized by a weakly coiled 

proboscis with a large and uniform diameter. 

The proboscis diameter is mostly occupied not 

by walls (less than 10% of the total diameter) 

but by longitudinal muscle bunches. The venom 

gland does not change its histology and opens by 

a s'tnall duct at the border of the buccal mass. 

The muscular bulb is composed of three muscu¬ 

lar layers, two outer having a similar orientation 

and separated by a layer of connective tissue. The 

exception is Carinoturris polycaste, which pos- 

sesses a very thin proboscis Wall. Its muscular 

bulb is composed by very thin fibres. The size of 
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Fig. 16. — Radulae of Cochfespirinae. A, B, Cochlespira pulchella\ C, Cochlespira radiala; D, E, Leucosyrinx (Sibogasyrinx) pyrami- 
dalis. 

the fibres is very important, as it will  be shown Kurilohadalia elongata and modified acinous in 

below. Other types of salivary glands also occur Plicisyrinx clecdpitatd, previously recorded in the 

in this group, i.e. anastomosing tubular in Crassispirinae (Kantor et al. 1997). 
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Fig. 17. — Radulae of Cochiespirinae. A, Comitas onokeana vivens; B, Comitas murrawolga - middle part; C, Comitas murrawolga, 
initial part; D, E. Marshallena philippinarum. 

Shell and radular morphology 

Shell characters appeared ro be r.uhcr poorly cor- 

related with features of foregut anatomy. It may 

be only mentioned rhat menibers of the first 

group, separated by anaromical characters and in 

the cladisric analysis, possess a typical cochlcspi- 

rine elongated fusiform shell with a long anterior 

canal and weak axial sculpture. Species of the 

second group hâve stouter shelU with shorter 

canals and well-developed sculpture (except for 

Antiplanes). The third group is very hetero- 

geneous in shell characters corresponding to the 

wide anaromical variation. Ilowever, no shell 

character was found to strictlv correlate with a 

feature of the foregut anatomy, or a set of anato- 

mical characters. 

The radular morphology of cochlespirines had 

previously been assigned to the wishbone tooth 

type (Taylor Pt ni. 1993). Robust, short, and curv- 

ed marginal teeth with a knîfe-like cutting edge 

were found in Antiplanessanctïwannis (Kantor Si 

Sysoev 1991; Taylor et ni. 1993). Teeth of 

Afp nu spp. (Sysoev 81 Kantor 1987) are similar 

to teeth al Antiplanes. 

Among the species stndied, more or less typical 

wishbone teeth were found in Leucosyrinxpyra¬ 

midale (Fig. I (SD, F.) and Marshallena philippi- 

narum (Fig. 17D, E). They are quite comparable 

ro the marginal teeth of many Crassispirinae (e.g. 

Inquisitar- and Hindsiclava-type teeth - see 

Kantor et al. 1997). 

At the saine time, the marginal teeth of both spe¬ 

cies of Comitas studied seem to be not true wish¬ 

bone. At an early stage of formation, they 
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resemble a broad liât plate thickened apically and 

on outer si des (Fig. 17C). Later, the teetb become 

more similar to wishbone: die latéral thickenings 

become more distinct and appear like the separate 

limbs ut a typical wishbone tooth. This process is 

more pronouneed in C. mumiu'olga (Fig. 17B, 

C), whereas in (.. onokedna the teeth remain fiat 

and poorly dilferentiated (Pig. 17A). Never- 

theless, a complété séparation of tooth limbs 

does not occur in any of Comitas species. 

The teeth o( species of Cuchléspirtt are somewhat 

different. In C. pulcheltd, they are of a normal 

wishbone form, with a narrow limb (Fig. 16A, B) 

whereas the teeth of C. radiata (Fig. 16C) 

consist ot a longitudinally tbldcd plate, torming a 

central canal, and re.semble enrollcd hollow 

teeth, recogni/.cd by Taylor et al, (1993) for 

Pihbryspira. It may bealso added rhat the diversi- 

ty of Cncblespim teeth seems to be rarher high, as 

indicared by drawings of radula of different .spe¬ 

cies (Powell 1966: figs 17-70). 

The central tooth may be variously developed: 

front a well-tormed plate, with a strong cusp and 

clearly defined boundaries, as in Cochlespira 

(Figs 16A-C), to a weak formation, vvhich looks 

like a membrane fold rather rhan a toodi (e.g., 

Comitas unokeana, Fig. 17A). h should be men- 

tioncd chat the central part of the radula of 

C. onokedna at early stages of formation shows 

two separate plates instead of a single tooth. This 

may indicate that the central "tooth" is actuallv a 

producr of fusion of two teeth, and supports the 

idea of Kantor &t Sysoev (1991) on the origin of 

central tooth in Aniiplanes. 

No corrélation was fuund between the anatomy 

of digestive System and radular morphology in 

any of the species studied. 

COMPARISÜN WITH OTHER 

SUBFAMILIES OF TURRIDAE 

This article is the second in the sériés of Works 
concerning Turridae, and in the first paper 

(Kantor et al. 1997) short descriptions ofall sub- 

famiües werc given. Therefore, hcre we will  

mainly compare the two conchologically similar 

and best studied subfamilies: Cochlespirinae and 

Crassispirinae. 

The subfamily Crassispirinae is characterizcd by 

very diverse structure of proboscis, buccal mass, 

and sulivarv glands. The proboscis structure is so 

variable not only within the subfamily, but even 

within the généra and subgenera, chat a total of 

13 types of foregut organization hâve been reco- 

gnized. The must characteristic features of the 

subfamily are as follows: the présence of the 

rhynchodeunt glandular epithelium, the ability 

ot the rear part of rhynthodeum to even during 

the proboscis protraction, che position of the 

oesophagus élongation usuallv between the buc¬ 

cal mass and the nerve ring, with a more or less 

long oesophagus loop, the présence of non- 

glandular venom gland duct, and the change in 

its hisrology behind the nerve ring, the presence 

of threedayered muscular bulb, with a layer of 

connective tissue (the bulb is composée! by small 

fibres and the two outer layers hâve a similar 

orientation) (Taylor et al. 1993; Taylor 1994; 

Kantor et al. 1997). 

The firsr two characters are présent also in 

Cochlespirinae. Thus, the most characteristic 

features of this Family become as follows: the 

absence of change in the venom gland histology 

behind the nerve ring in ail groups; the complété 

absence of venom gland duct and, correspondis 

the two-layered muscular bulb, without any 

connective tissue, or the presence of a small duct 

and the three-layered muscular bulb, like in cras- 

sispirines. In cochlespirines the muscular bulb, 

with a similar organisation and arrangement of 

muscle layers, is cotnposed of very large fibres, 

distinguishable even ai a small magnification, 

whereas in crassispirines they arc very small and 

form a compact layer. 

Représentatives of both subfamilies are rather 

well distinguishable conchologically, when typical 

forms are considered. Species of the subfamily 

Crassispirinae are generally characterized by a 

small clavifbrm shell with a rather well-developed 

sculpture, while the shell of typical cochlespirines 

is fusiform, with a long anterior canal and a 

rather weak sculpture. But many représentatives 

(e.g., Plirhyrinx) represent intermédiare variants 

in conchological characters, and it is thus diffi-  

cult to separate reliably these subfamilies only by 

the shell. 

Anatomy of six species of Clavatulinae has been 
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described: Turricula nelliae spurius (Hedlev, 

1922), Turricula javana (Linnaeus, 1767), 

Toxtdionellit tumida (Sowcrby, 1870), Clionella 

sinuata (Boni, 1778), Cia vaut!a caerulea 

(Weinkauff, 1875), C. mûri cala (Lamarck, 1822) 

(Kantor 1990; Taylor 1985, 1994; Taylor et ai 

1993). The main différence of Clavarulinae from 

Cochlespirinae and ail other turrid subfamllies is 

the position of the buccal mass inside the pro- 

boscis, near the mouth. As in Cochlespirinae, the 

buccal sphincters in Clavarulinae mav be either 

présent or absent. Oeasophageal loop is similar 

to that in sotne Cochlespirinae and Crassis- 

pirinae. Vcnom gland opens in rhe buccal mass. 

The structure of muscular bulb is somewhar dif¬ 

ferent from that in Cochlespirinae: the bulb is 

composée! of two similarlv oriented layers, with a 

connective tissuc between layers. 

A detailed comparison with Turrinae is currently 

rather difficult, due to insufficient data on this 

subfamily, Features characteristic of Turrinae 

often occur also in Cochlespirinae. For examplc, 

oesophageal loop may be absent, venom gland 

does not change its hisrology anterior to the 

nerve ring and opens ar the buccal mass bounda- 

rv by a short duct. Howcver, the structure of 

muscular bulb differs from that found in ail 

Cochlespirinae: its bulb is composed of two simi- 

larly oriented layers, with a connecrive tissus bet¬ 

ween layers. Another distinguishing character of 

Turrinae is the rhynchodeum lined with gland- 

ular epithelium along its entire length (Leviten 

1970, cit. after Taylor et al. 1993; Taylor et al. 

1993; Taylor 1994). 

SYSTEMATtC CONCLUSIONS 

The data obtained conftrm that the main part of 

the subfamily Cochlespirinae represents an ana- 

tomically distinct group, differing from other 

subfamilies of Turridae in several minor but 

constant characters. At the same time, the subfa- 

mily in its currently adopted volume seems not 

to constïtute a monophyletic group. 

A spécial note should be made on the systematic 

position of the five species belonging to the third 

anatomical group. The cladistic analysis showed 

that four of the five species (Kurilohadalia elon- 

gaia, Leucosyrinx verrilli, Megasurcula carpenteria- 

nd, and Plicisyrinx decapitata) are clearly separa- 

red in ail cladograms, whercas Carinoturris 

polycaste occupies an isolared position and is a 

sister-group of ail species from the first and 

second anatomical groups. The group of the four 

species is deftned on the cladogram by a single 

synapomorphy (relatively very thin walls of the 

proboscis), but evolurionary and funcrional 

significance of this character is unclear. In fret, 

rhe rhird anatomical group is somewhar interme- 

diatc in its morphology between Crassispirinae 

and Cochlespirinae and possesses some charac¬ 

ters of both subfamilies. Conchologically, sotne 

of tbe taxa are also similar to représentatives of 

borh subfamilies and earlier were alternately 

referred to rhe Crassispirinae or to the 

Cochlespirinae (e.g. Kurilohadalia and Plicisyrinx 

- see above) 

Two species of the genus Leucosyrinx were refer¬ 

red to different groups in both cladistic and ana- 

tomicaJ analyses. These species belong to 

different subgenera: Leucosyrinx Dali. 1889 s. >tr. 

(verrilli, type species of the genus) and 

Sibugasyrinx Powell, 1969 (pyramidales, type spe¬ 

cies of the suhgenus). The grcat différences in 

anatomy indicate that these subgenera are not 

closely relared, and the rank of the subgenus 

Sibogasyrinx should be raised to a full  genus. 
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